The objective of the present study was to obtain information about the prevalence of addiction disorders in ADHD patients in a German study population, to compare the prevalence of addiction disorders in ADHD patients to that in the normal population according to the German Epidemiological Addiction Survey, and to determine which drugs are consumed most by ADHD patients.
Introduction

ADHD in adulthood
Attention-Deficit/Hyperactivity Disorder (ADHD) is the most frequent psychiatric disorder in childhood and adolescence 1 . According to a survey of the Robert Koch Institute (Berlin, Germany), the prevalence rate of ADHD in children and adolescents in Germany is 3.9% 1 . Epidemiological studies have shown that symptoms of childhood ADHD persist into adulthood in 30 to 80 percent of cases 2 . In a survey of the American population in 2006, a prevalence of 4.4% was ascertained for ADHD in adulthood 3 .
The disorder is over-represented in male subjects (3:1 to 4:1) 4 . This may be due to the fact that boys suffer more often from the hyperactive, impulsive subtype, which prompts parents to consult a physician 5 , whereas girls suffer more often from the inattentive subtype and are diagnosed more randomly or simply later in life 1 . These facts relativise the gender ratio in favour of the inattentive subtype with respect to DSM-IV 6 . According to the "German guideli nes for ADHD in adulthood" 7 , there is no need to treat an adult with ADHD with medication right away. A treatment is indicated if the patients are suffering from ADHD symptoms strongly in one part of their lives or problems occur in different parts of their lives. There are manifold treatment options, e.g. pharmacological treatment or psychotherapy. In principle the therapy of an ADHD adult should be multimodal to comprise the comorbidities as well 8 . An early treatment of ADHD seems to be a protective factor against developing an SUD in later life 9 .
Substance use disorders
Substance use disorders (SUDs) are a heterogeneous disease pattern. The current theory about the pathogenesis of SUDs comprises a multimodal concept including physical, mental and social factors. SUD is diagnosed according to ICD-10 4 or DSM-IV-R 10 . The criteria for the diagnosis are similar to each other but differ in the point that DSM-IV also includes social and interpersonal factors 11 .
SUDs are a major social problem. In Germany, the most often diagnosed SUD is nicotine dependence, at 27% of the German population, divided into 85% regular users and 15% infrequent users 12 . The second most common SUD in Germany -especially in men-is alcohol consumption. According to DSM-IV, 2.4% of the population between tients was cannabis. Alcohol and substance abuse commenced significantly earlier in patients with ADHD than in patients with addiction disorders without comorbid ADHD.
Conclusions: Our data show that the risk of developing a dependence disorder is elevated in ADHD patients. Clinicians should bear in mind that the characteristics of a dependence in ADHD patients are clinically more pronounced and that an addiction in ADHD patients starts earlier than usually expected. the age of 18 and 65 years are diagnosed with alcohol dependence (3.4% men; 1.4% women). In absolute numbers, this means 1.3 million of the entire German population 13 . The data concerning substance abuse/SUD is harder to interpret, because the existing data do not differentiate between abuse and dependence. In the year 2000, 0.9% of the German population between the age of 18 and 59 were diagnosed with an abuse/dependence (1-year prevalence). This means in absolute numbers that there are 290,000 addicted people in the entire German population with at least one diagnosis of addiction according to DSM-IV 14 . Data from the year 2007 for the prevalence of the different substances used throughout life (according to the "epidemiological addiction survey") show that cannabis is the most commonly consumed illegal substance, at 24.7% of drug consumers in the year 2006. It is followed by amphetamines (2.7%) and cocaine (2.7%) 15, 16 .
Comorbidity of ADHD and alcohol and substance use disorders
The relationship between ADHD and SUD has become increasingly important [17] [18] [19] [20] [21] . In general, ADHD patients are said to have twice as high a lifetime risk of developing an SUD 17 . Various studies have reported an elevated comorbidity of ADHD and SUD in 45% to 70 % 22-24 . Biederman and colleagues found a higher rate (44%) of comorbid alcohol abuse/addiction in 239 adult ADHD patients, in contrast to 268 non-ADHD adults with a comorbid alcohol abuse/addiction of 24% 18 . Similar comorbidity rates were found by Shekim and colleagues (34%) 25 and Downey et al. (33.3%) 26 . In one of our previous study populations, we diagnosed ADHD in 20.9% to 33.3% of alcohol addicted patients, which is consistent with the figures found in US-American studies 27, 28 . In a review article, Wilens and others showed that the coherence between SUD and ADHD is strong, too 29 . Various studies about alcohol and substance abuse have shown that 15-25% of adults with a dependence disorder fulfil the diagnostic criteria of ADHD [29] [30] [31] [32] . The most popular drug in ADHD patients seems to be cannabis, with a comorbidity rate of 21% 17, 28, 33 . A comorbidity rate of cocaine addiction and ADHD was found in 11% to 35% of the patients 30, 33, 34 . Also the symptoms of addiction start earlier in these patients and the course of the disease is worse than in cocaine addicted patients without ADHD 30 .
Early pharmacotherapy in children with ADHD seems to be a factor protecting against the development of an SUD in later life 35, 36 . Metaanalysis 37 as well as animal models [38] [39] [40] indicate that early treatment may be effective in avoiding substance abuse. 20-day-old rats -similar to childhood in mankind-with symptoms of hyperactivity showed a diminished interest in cocaine after being treated with stimulants 38,39 .
The risk of developing nicotine dependence seems also to be elevated in ADHD patients in a US-study, with a prevalence rate of about 40% 41 . These figures are significantly higher than that of the general USpopulation, at 27%. Adolescent ADHD patients have twice as high a risk of developing a nicotine dependence as adolescents without ADHD, in whom cigarette smoking is a further risk factor for developing a subsequent substance dependence 42 . The coincidence of an addiction to nicotine in adults with ADHD was 40-75% in a US-American study (vs 19-26% in the normal population) 41 .
Biederman and colleagues demonstrated that untreated ADHD is a risk factor for the development of an SUD 35 . The groups of Faraone 43 and Wilens 37 drew the conclusion that a pharmacological treatment had no negative influence on SUDs in ADHD patients. In contrast, various studies have shown that a treatment of addicted ADHD patients with stimulants reduces drug consumption and "craving" 31, 37, 44, 45 . Adolescents medicated with stimulants showed a lower risk of developing an addiction (cocaine, alcohol and other drugs) 35 .
In our own studies 27, 28 , we demonstrated that many substance-dependent patients suffer from an -often not diagnosed-ADHD. Within the scope of these studies, 91 patients with alcohol dependence and 61 patients with multiple substance dependence were examined for the presentation of ADHD. 23.1% of the alcohol-dependent patients showed evidence of retrospective ADHD affliction in childhood. In the group of substance-addicted patients, 54.1% presented with diagnostic criteria for ADHD in childhood. In addition, in both groups examined, it was shown that a comorbid ADHD supported earlier first consumption of alcohol or substances 28 . Studies of other groups focused on coherences between different subtypes of adult ADHD patients with regard to psychosocial adjustments, personality traits and other psychiatric comorbidities 46, 47 .
Aims of the study
The aim of this study was to identify the prevalence of SUD in ADHD adults of our specialised ADHD consultation in the German population. Several studies have been conducted in the USA, but data from Germany are lacking. We wanted to compare the prevalence of the comorbidity of ADHD and SUD with the data of the German population. Another aim was to determine which substances are most commonly consumed and to establish the characteristics of substance dependence in ADHD adults, e.g. whether ADHD adults start consuming drugs earlier in life or whether the course of addiction in ADHD patients is more aggressive.
Subjects and Methods
61 adult patients (28 males, 33 femalesaverage age 35.11 ± 9.33 years) were enrolled in this study. In aiming to find out about the prevalence of ADHD patients who are suffering from a comorbid dependence disorder, we recruited all patients consecutively who presented at our ADHD consultation and were diagnosed with ADHD (diagnostic criteria of DSM-IV-R) over a period of 12 months. Only two patients refused to take part in our study. Every participating patient gave written consent to participate in our study. The minimum age had to be 18 years.
Excluded from the study were patients with acute psychoses and people who were impaired by their illness to such an extent that they were not able to take care of their personal needs. Other comorbid illnesses such as major depression were acknowledged but did not lead to exclusion from the study. To screen for relevant comorbid diagnoses the IDCL and the SCL-90-R were conducted 48, 49 .
For retrospective assessment of childhood ADHD, the DSM-IV-R symptom checklist for ADHD 50 was used, as well as the authorised German translation of the Wender Utah Rating Scale (WURS-k) 51 .
Moreover, the individuals were divided into diagnostic subgroups of ADHD as the inattentive type (DSM-IV-R: 314.00, ac-cording to ICD-10: F98.8), hyperactive-impulsive type (DSM-IV-R: 314.01, according to ICD-10: F90.1) and combined type (DSM-IV-R: 314.01, according to ICD-10: F90.0). The Conners Adult ADHD Rating Scales (CAARS, long version) 52 were used to assess the persisting symptoms of ADHD in adults. Also the Brown Attention Deficit Scales 53 were applied. Every patient was finally diagnosed by a specially trained psychiatrist who conducted a semi-structured clinical interview with each patient according to criteria of DSM-IV-R.
The patients who had been diagnosed with ADHD were then screened for a possible diagnosis of a substance dependence or an alcohol dependence according to diagnostic criteria of DSM-IV-R and ICD-10. The "Internationale Diagnosen Checkliste für ICD-10" (IDCL) was conducted to validate the clinical diagnosis 49, 54 . The European Addiction Severity Index (Europ ASI) 55 was used for evaluation of the addiction case history. To evaluate the characteristics of a given dependence in more detail, a questionnaire concerning alcohol and drug addiction (QOD) was also conducted 56 . Nicotine consumption was tested using the Fagerström Test of Nicotine Dependence 57 and then graded into 'minimal', 'average' or 'high' nicotine dependence.
Approval for this study was given by the Ethics Committee of Hannover Medical School.
Statistical Analysis
Statistical analysis was conducted with the SPSS program (version 15.0, SPSS Inc., Chicago, IL). The chi-square test was performed for comparison of proportions. The
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level of significance was p < 0.05. Comparison of means were conducted using single factor analysis of variance (ANOVA). Post-hoc analyses were calculated using the Scheffé test. The assessment of homogeneity of variances was guaranteed using the Levene test.
Results
According to DSM-IV-R and ICD-10, 61 patients fulfilled the required diagnostic criteria of ADHD and were definitely suffering from ADHD. The group was composed of 28 male (45.9%) and 33 female (54.1%) patients with an average age of 35.11 ± 9.33 years. The sociodemographic data are presented in Table 1 . 52 (88.1 %) of the 61 patients achieved the cut-off of 30 or more points in the WURS-k and therefore fulfilled the criteria for ADHD symptoms in childhood. The DSM-IV-R symptom checklist retrospectively confirmed the ADHD diagnosis in childhood in 59 patients (96.2 %). The CAARS gave evidence of persisting ADHD in adulthood in all 59 patients, too. Two of the 61 patients could only be diagnosed with ADHD according to the interview of an experienced and specially trained physician, so that they were excluded from the diagnostic differentiation of the ADHD subtypes. According to DSM-IV-R, 9 patients (15.3%) were categorized as 'hyperactive type', 7 (11.9%) as 'inattentive type' and 43 (72.9%) as 'combined type' of ADHD. The same differentiation was conducted using the CAARS. The categorization showed similar results. The data concerning the diagnosis of ADHD and the subtypes are presented in Table 2 .
ALCOHOL AND DRUG DEPENDENCE IN ADULTS WITH ATTENTION-DEFICIT... 155 * DSM-IV-R ADHD = Diagnostic and Statistical Manual of Mental Disorders (a score higher than six in the first nine items indicates attentional problems; a score higher than six in the last nine items indicates hyperactivity). ** WURS-k = The authorized German translation of the Wender Utah Rating Scale (WURS) indicates ADHD with a score of ≥ 30 (three missings). *** CAARS = Conners' Adult ADHD Rating Scales (the analysis is conducted separately with respect to sex and age and gives an indication of the subject's current state).
Approximately half of the patients (50.8%) diagnosed with ADHD were suffering from a comorbid active or remitted dependency according to the IDCL. 21.3% of the patients (n = 13) were diagnosed with an alcohol dependency, 13.1% with an SUD (n = 8) and 18% with a comorbid alcohol and SUD (n = 11). The data are presented in Table 3 .
Alcohol 29.5% (n = 18) of our ADHD patients could be diagnosed with an alcohol dependency according to IDCL. The average age of first alcohol consumption was 13.97 years (± 3.27). The first alcohol excess was 15.09 (± 2.94) years according to the QOD. A frequent consumption of three times a week was started at the age of 19 (± 4.94) years.
Substances
With the aid of the IDCL, 31.1% (n = 19) of the patients could be diagnosed as suffering from a substance dependence, including three cases with a reasonable suspicion. In 68.4% of the cases (n = 13) the symptoms were remitted.
Cannabis was the substance most commonly consumed, at 29.5% of the whole population according to EuropASI and QOD. This means that 94.7% of the substance dependent ADHD patients in our study consumed cannabis over a period of 8 ± 7.58 years. The start of the frequent consumption of cannabis was 17.68 years ± 4.22. Hence, cannabis was the first illegal drug to be consumed regularly.
For a detailed description of the substances consumed see Table 4 . The majority of the substance dependent ADHD patients abused multiple drugs (73.7%, n = 14), starting at an age of 17.88 (± 7.78) years. This multiple substance dependence was due to the use of cannabis (94.73%, n = 18), amphetamines (47.36%, n = 9), cocaine (36.84%, n = 7) and hallucinogens (36.84%, n = 7).
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Nicotine
According to the Fagerström test (FTNA), there was no nicotine dependence in 53.3% of the patients at the time of the interview. In 11.6% (n = 7) the dependence was classified as "very low", 10% (n = 6) as "low", 5% as "middle" and 20% as "extreme".
Discussion
The prevalence of an addictive disorder seems to be elevated in ADHD adults, as approximately every second ADHD patient (50.8%) in our study was suffering from an addictive disorder.
These results are similar to those of Jacob et al. 22 , who found a lifetime prevalence of a comorbid SUD in 45% in a large German cohort study. Similarly, Wilens and colleagues 24 found a comorbidity of ADHD and alcohol or substance use dependency in 71%. These results support the theory that ADHD patients are at high risk of developing addictive disorders.
Our study population revealed an addiction to alcohol in 39.3%. This prevalence rate includes both current and remitted cases of alcohol addiction, which complicates a direct comparison with the prevalence rate of alcohol dependence in the normal population. Nevertheless, the number of alcohol dependent patients with ADHD seems to be elevated in comparison to the normal German population. According to evaluations of German society for addiction ("Deutsche Hauptstelle für Suchtfragen e.V. (DHS)"), 2.4% of the German population between the age of 18 and 64 years are addicted to alcohol according to DSM-IV criteria 13 .
Studies by Biederman and colleagues 18 and Wilens 29 found similar rates for this comorbidity, with 44% alcohol addicted ADHD patients. Also Downey et al. 26 and Shekim et al. 25 describe a comorbidity of alcohol dependency and ADHD in 34% of the patients. Regarding these results, our data seem to be realistic and support the theory that the prevalence of alcohol dependence is elevated in ADHD patients.
The numbers of ADHD patients with a multiple SUD show that ADHD patients also have a higher risk of becoming addicted to illegal drugs. 14.2% of the German population try an illegal drug at least once in their lives 60 . Compared with our prevalence rate of 31.1% substance abusing ADHD patients, the lifetime risk of consuming drugs is twice as high. In contrast to the alcohol addiction data, these figures can be compared because the statistics of the normal population include both current drug consumption and consumption during the past, and also considers cannabis as an illegal drug. Wilens 29 found a similarly elevated rate for psychoactive SUD in ADHD patients, at 9% to 30%. The research groups of Mannuzza 23 and Biederman 61 even found a percentage rate of about 50%. Our results are therefore in line with the hypothesis that ADHD is a risk factor for addiction to illegal drugs 17 which means that ADHD patients have also a higher risk of getting in conflict with the law.
Taking a closer look at the alcohol consumption habits of the adult ADHD patients in comparison to the normal population, we were unable to find any differences concerning first alcohol consumption or first intoxication with alcohol. The mean age of first alcohol consumption of our ADHD patient group was 13.97 (± 3.27) years. The mean age of first intoxication was 15.09 (± 2.94) years. In the normal population, alcohol is first consumed at 12.8 years and the critical level of alcohol first exceeded at 13.8 years 62 . It is certainly difficult to compare our study group with the youth of today, because the trend is for alcohol to be started earlier than when our patients were teenagers. Comparison of an older normal population might have shown a difference in first alcohol consumption. This result was nonetheless unexpected, because various authors have described an earlier start and a more aggressive form of SUD in patients with ADHD 24,32 .
Whereas the first symptoms of alcohol dependence can be recognized earlier in ADHD patients than in the normal population, our patients reported the first symptoms of alcohol dependence at the age of 22.43 (± 5.47) years. This finding is consistent with the work of Wilens and colleagues 24 , who found that the career of dependence starts approximately three years earlier in ADHD patients in comparison to the normal population. Similar results were reported by Johann and colleagues 63 . Within their study including 314 patients with and without ADHD, they arrived at the conclusion that ADHD patients become addicted to alcohol significantly earlier (24 instead of 30 years).
The group of Wilens 24 found that patients with ADHD also develop a dependence to psychoactive substances around three years earlier in contrast to people without ADHD. In general ADHD patients seem to change earlier and faster from a substance abuse into an addictive disorder than patients without ADHD 64 . Even if there is no difference between ADHD patients and the normal population with respect to first alcohol consumption, the clinician should bear in mind that the risk of ADHD patients developing an addiction is higher if they are already abusing substances.
The illegal substance most frequently consumed was clearly cannabis. Regular consumption was started at 17.68 (± 4.22) years. These results are congruent with the study of Wilens 29 , who described the first consumption of cannabis typically at an age between 17 and 19. 29.5% of our study population consumed cannabis regularly. This is in line with the findings of Tzelepis and colleagues 33 , who found a prevalence of regular cannabis consumption in their study population of 21%. In a multi-centre study, Tims and colleagues 65 found that ADHD is the second most common comorbidity in adolescents who abuse cannabis, at 38%. Cannabis consumption may be a kind of "self-medication" for ADHD patients. The "self-medication hypothesis" of the dependence disorders was postulated in 1985 by Khantzian 66 . The core statement of the hypothesis is that people who develop a substance dependence are already suffering from other psychiatric symptoms, such as anxiety disorders or depression, but also hyperactivity. Khantzian developed the hypothesis that each drug consumer unconsciously selects the drug that reduces the symptoms from which he is suffering most. The preferred substances to be consumed by ADHD patients are according to Khantzian the group of the amphetamines as well as cocaine, because ADHD patients describe commonly reassuring effects after consumption of the above mentioned substances -at first sight, apparently a "paradoxical" reaction 66, 67 . In a study published recently, Pandolfo and colleagues 68 reported that hyperactive adult rats show a significant influence in their behaviour after consumption of cannabinoid substances in contrast to healthy rats, which supports the theory of self-medication of ADHD patients with cannabis.
Also the risk of developing a cocaine dependence seems to be higher in ADHD patients. We found a cocaine dependency in 14.8% of our patients. These figures are definitely higher than the prevalence in the normal population, which is 2.7% in Germany. Comparable percentages (11%) of the prevalence of cannabis dependence were described by Tzelepis et al. 33 . Conversely, Rounsaville and colleagues 69 found positive criteria for childhood ADHD in 35% of cocaine abusing patients.
Concerning nicotine dependence, we observed another highly prevalent comorbidity in ADHD patients (45.9%), which is almost twice as high as the nicotine dependence in the normal population, at 27%. Similarly, Pomerleau and colleagues 41 found a prevalence rate of nicotine dependence of 40-75% in ADHD patients. Nicotine consumption may also be a kind of "self-medication", as Lambert and Hartsough 70 found tobacco consumption to be twice as high in ADHD adults. This hypothesis is underlined by Wilens et al. 71 , who described that more than one third of ADHD adolescents and adults use nicotine for "self-medication" which is according to the theory of Khantzian 72, 73 . The high prevalence of nicotine dependence in ADHD patients can be explained pathophysiologically by the fact that nicotine stimulates the release of neurotransmitters (e.g. acetylcholine, dopamine and serotonin) and, accordingly, the attention span is increased. Nicotine appears to have an effect on the nucleus accumbens similar to that of the amphetamine derivatives 74 . Some studies support the hypothesis that nicotine can be used therapeutically in ADHD patients 75, 76 .
Several SPECT studies have shown evidence of a comparable effect of nicotine on the dopamine transporter (DAT), known also with methylphenidate 77 . A marked decrease of striatal DAT has been observed in nicotine-dependent ADHD patients 78 . It is of particular interest to note that various dopaminergically and noradrenergically effective drugs, such as bupropione, nortriptylene and moclobemide, are effective and beneficial in both the treatment of nicotine dependence and in ADHD 45 .
Other reasons for the high vulnerability of SUD in ADHD patients might also be the typical impulsivity, such as the readiness to take risks and a form of "sensation seeking" behaviour. The concept of "sensation seeking" appeared for the first time at the end of the 1970s 79, 80 . The basis for this new concept was the observation that some people show a stronger desire for new attractions and are ready to take higher risks to achieve a stimulation by new attractions. There also appeared to be a positive correlation between impulsiveness and "sensation-seeking behaviour", which was discussed for the purposes of a biological mechanism 81 . Cloninger interprets "curiosity behaviour" as an expression of a low basal dopaminergic activity. With the help of positron emission tomography (PET) and single photon emission computed tomography (SPECT), controlled proof of a raised dopamine-transporter density in the striatum -a disturbance of dopaminergic function-leads to the assumption that ADHD patients have a strong "curiosity behaviour" in the narrower sense 77, 82, 83 . The reduced dopamine level in ADHD patients may therefore explain the strong "novelty seeking", which would explain the raised impulsiveness and risk seeking behaviour, on the one hand, and the higher risk concerning substance dependence, on the other. Verheul and others (2001) 58 come to similar results in their study. They describe that some personality traits seem to be associated with the development of an SUD, such as impulsivity, hyperactivity and "sensation seeking". Also from the point of view of genetics there seems to be evidence that there is coherence between ADHD and SUD. Comorbidity of alcoholism and ADHD forms a distinct phenotype that contributes substantially to the socalled type 2 alcoholics according Cloninger. A genome-wide association (GWA) study with pooled DNA in adult ADHD employing approximately 500K SNP markers identifies novel risk genes and reveals remarkable overlap with findings from recent GWA scans in SUDs 59.
Limitations
One general problem in prevalence studies is that not every patient wants to take part in a study. As mentioned above two patients refused to take part in the study. This can falsify the results. Enough patients participated in our study for conclusions to be drawn, but the patients who did not agree to take part might have led to slightly different figures. Overall we must admit that 61 patients are not a very high number of patients.
Another problem is the work with self-assessment scales, which includes the risk that patients do not remember events in their past accurately and tend to affirm questions. We tried to reduce these risks by conducting a semi-standardized interview by an experienced clinician.
Conclusions
Our data show that the risk of developing a dependence disorder is elevated in ADHD patients. Clinicians should bear in mind that the characteristic of a dependence in ADHD patients is clinically more pronounced and that an addiction in ADHD patients starts earlier than one might possibly expect. The results of our study and clinical experience also indicate the importance of an early diagnosis and treatment of ADHD, i.e. a 'multimodal therapy' using pharmacological and psychotherapeutic concepts, which may help in reducing the onset and exacerbation of addictive illnesses.
